Abstract
Introduction
Image analysis is the extraction of meaningful information from images; mainly from digital images by means of digital image processing techniques. It has many applications in different areas [1] [2] .Traditionally, Fourier transform can only give meaningful interpretation to linear and stationary processes. However, the real world is neither linear nor stationary, thus we need some new analysis method.
In 1990s, Huang's group developed a new adaptive time-frequency data analysis method, namely Hilbert-Huang Transform (HHT) [3] at NASA. The development of the Hilbert-Huang Transform has shed new light on spectral estimation for non-stationary signals. Comparisons with traditional Fourier transform and wavelet analysis method, Hilbert-Huang Transform is an adaptive analysis method and is especially suitable for non-linear signals. Hilbert-Huang Transform consists of two parts: Empirical Mode Decomposition (EMD) and the Hilbert spectral analysis (HSA). Based on EMD, any time series data can be decomposed to a finite number of intrinsic modes of oscillations. EMD identifies the intrinsic undulations at different time scales and sifts the so-called intrinsic mode functions (IMFs) out. The IMFs yield instantaneous frequencies as functions of time and give sharp identications of imbedded structures. Then with the Hilbert transform, several important Hilbert spectrum characters are included, such as: the instantaneous amplitude, the instantaneous phase, and the instantaneous frequency, which reflect the intrinsic and instantaneous characters of the signal. These Hilbert spectral characters analysis method offers much better temporal and frequency resolutions. In the past decade, it has been utilized in more than 3000 published works and has been applied in various research fields [4] .
Recently people pay more attention to the two dimensional Hilbert-Huang Transform. This method is important for the analysis of the two dimensional nonlinear signals. A possible 2D extension of EMD is the so-called Bidimensional Empirical Mode Decomposition (BEMD).Details of the method are fully available in essay [5, 6] .Between them, Bidimensional Empirical Mode Decomposition is a suitable method [5] .It can decompose image adaptively according to the intrinsic mode of the signal rather than the fixed mode of the filter. In this essay, we use this method. As for the second part of HHT: the two dimensional Hilbert spectral analysis is a tough problem. First of all, we have to construct the two dimensional analytic method. The two dimensional analytic method are based on the extension of the notion of 1D analytic signal to 2D, or simply a Hilbert-based extension of the 1D Hilbert-based demodulation approach. Many two dimensional Hilbert transform have been proposed, such as the total Hilbert transform [7] , the partial Hilbert transform, and the single-orthant Hilbert transform and the quaternionic Hilbert transform [8, 9] . However, there are some two dimensional Hilbert transform properties that the first three Hilbert transform method don't satisfy. Directional EMD and the partial Hilbert transform considering directions [10] were used to obtain the corresponding complex signals. The instantaneous frequencies were computed along the fixed direction. This method is suitable for the texture which has main directions and it is hardly perfectly reconstructed from the modulation results. The partial Hilbert transform make Hilbert transform in x and y direction separately. P.C. Toy once used the partial Hilbert transform and two dimensional EMD [11] , but decomposition method has some problems. Bulow once used quaternionic Hilbert transform, but he represented the signal by three phases, which lead to six frequencies, hard to represent. [12] [13] [14] [15] Bi-orthant analytic signal was proposed for two dimensional signals, which kept many good properties of two dimensional analytic signals. [16] Besides, Felsberg M. and Sommer G. introduced the monogenic signal [17] [18] [19] , which is a three-dimensional representation method and leads to two phases. The monogenic signal is an efficient extension of the analytic signal to images, which is not suitable for frequency representing.
In this paper, we illustrate the problem of two dimensional Hilbert Huang transform method, and make some experiment in image analysis. First of all, Hilbert-Huang transform is introduced. This is an adaptive analysis method, especially useful for nonlinear signal. Besides, we introduce the Bidimensional Empirical Mode Decomposition, which is an adaptive decomposition method showing the visually significant structure of the image. Then by the quaternionic analytic method, suitable analytic signal is acquired. Quaternionic analytic method is a new proposed method, which keeps many good properties of 2D analytic signal. In section 3, based on quaternionic analytic method, two dimensional Hilbert spectral characters analysis method are proposed. The experimental results are listed in section 4. Section 5 is the conclusion.
Hilbert-Huang transform
Hilbert-Huang transform (HHT) provides a intrinsic analysis method for non-linear and nonstationary signals. Empirical Mode Decomposition (EMD) decomposes a signal into intrinsic mode functions (IMFs). IMFs are mono-components of the signal. By summing all the IMFs, the original signal can be perfectly reconstructed.
Secondly, then Hilbert transform is applied to the IMFs and get the Hilbert spectral characters of each IMFs'. For any function ( )
where P is the Cauchy principal value of the singular integral.
Let ( ) x t is the Hilbert transform ( ) y t ,we obtain the analytic function,
i t z t x t y t i a t e
where
.Here ( ) a t is the instantaneous amplitude, and ( ) t  is the instantaneous phase function. The instantaneous frequency is:
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The final presentation is an energy-frequency-time distribution, which is designated as the Hilbert spectrum. This method provides many intrinsic Hilbert spectrum characters of signal such as: the instantaneous amplitude, the instantaneous phase, and the instantaneous frequencies. This method is especially suitable for the analysis of 1D-non-linear and non-stationary data. This new time-frequency distribution is shown in essay [20, 21] 2. Two dimensional Hilbert-Huang transform
Bidimensional empirical mode decomposition
Many decomposition methods are proposed for two dimensional signals. Bidimensional empirical mode decomposition (BEMD) [5] extracts IMFs by computing envelopes using radial basis functions interpolation. While Directional Empirical Mode Decomposition (DEMD) defines directional frequency and envelopes as features by 2D, which is combine of two 1D decomposition method.
In this essay, we use Bidimensional Empirical Mode Decomposition in essay [5] . This process is a 2D-sifting process. The modified 2D-sifting process is performed in two steps: extremas detection by neighboring window or morphological operators and surface interpolation by fast radial basis functions The image "lena" is decomposed to several components demonstrated in Figure 1 . There are seven IMFs and one residual. This Empirical Mode Decomposition (EMD) is a fully data-driven method and using no predetermined filter.
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Two dimensional Hilbert Transform based on quaternionic analytic method
We can further analyze each IMF by two dimensional Hilbert spectral analyses and get the intrinsic characters of the image. Definitely, it depends on suitable two dimensional Hilbert transform method. We'll further introduce some two dimensional Hilbert transforms and introduce the properties of 2D analytic signals. Between them, the Quaternionic analytic method is presented.
Firstly, we have to define two dimensional analytic signals so as to get the two dimensional Hilbert spectral characters using analytic method. Some guidelines are needed for the extension of two dimensional analytic signals. Following lists the main properties of the analytic signal in 1D. Any new two dimensional analytic signals should be measured according to the degree to which it extends these properties to higher dimensions. [14] • The spectrum of an analytic signal is right-sided ( ( , ) 0 . Two dimensional analytic signal should satisfy this property, that is the analytic signal is compatible with the associated harmonic transform with transformation kernel K if K  and IK are a Hilbert pair. Two dimensional analytic signals depend on the development of two dimensional Hilbert transform. Different nD Hilbert transform have been proposed in the past, which include: the the partial Hilbert transform, total Hilbert transform and the total Hilbert transform and the quaternionic Hilbert transform. There are some properties that the first three methods don't satisfy. However, the quaternionic Hilbert transform overcomes the remaining problems. It is compatible with the associated harmonic transform, but it always leads to several useless elements when using it in two dimensional Hilbert spectral character research.
The quaternionic analytic signal can overcome the remaining problems. It is compatible with the associated harmonic transform. [9] Before using it, the basic knowledge of quatenion is introduced.
A quaternion may be represented in hypercomplex form as
where a , b , c and d are real ; i , j , and k are complex operators, which obey the following rules
A quaternion has a real part a and an imaginary part.
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The latter has three components and can be used as a vector quantity, often denoted
For this reason, the real part is sometimes referred to as the scalar part of the quaternion ( ) S q and the whole quaternion may be represented by the sum of its scalar and vector parts as
. A quaternion with a zero real or scalar part is called a pure quaternion.
The modulus and conjugate of a quaternion follow the definitions for complex numbers
. q a bi cj dk      .This can be expressed in the spatial domain as follows: 
Quaternionic analytic signal fulfills most of the desired properties and allows generalizing the instantaneous phase. In essay [14] instantaneous phase was defined as the triple of phase angles of the quaternionic value of the quaternionic analytic signal at each position. Then there would be six instantaneous frequencies, which is not easy to present. In this part, we choose different represent form. To present the amplitude and the phase of the image, the polar form is used. The polar form is used like 
which represent the frequency in horizontal and vertical directions separately. We can combine them together to present the instantaneous frequency. Then there are seven inherent characters: amplitude, phase, two instantaneous frequency and three components of u , which give more characters of image.
Experiments
In this section, we apply the image modulation method to both synthetic and natural images. In detail, we first decompose the image to several IMFs using BEMD. The IMFs are the monocomponents of the image. Then we apply the Quaternionic analytic signal to modulate the image and get the two dimensional Hilbert spectral characters of image, such as: instantaneous amplitude, instantaneous frequencies. In our experiment, we just analyze the first IMF of the image by the new method; the other components can be analyzed similarly.
First of all, this new modulation method was applied to image, as well as real-world texture image. In detail, we first decompose the image by BEMD to several IMFs, which are the monocomponents of the image. Then we apply the quaternionic analytic method to modulate the image. In our experiment, we just analyze the first IMF of the image by this new method , the other components can be analyzed similarly.
From Figure 2 (a), we can see the original image "lena", the first IMF of this image is shown in Figure 2(b) . Besides, we calculate the reconstruction image Figure 2 (j), and it is equal to the original image Figure 2(a) . Using the two dimensional Hilbert spectral analysis method, we get an instantaneous amplitude, an instantaneous phase, two instantaneous frequencies and three components of u shown in Figures 2(c)-2(f) . The instantaneous amplitude provide a dense local characterization of the local texture contrast as is shown in Figure 2(c) .Besides, the local phase provides a dense characterization of the local texture orientation and pattern spacing, as is depicted in Figure 2(d) . We put three component of u in RGB band to compose a color image, given in Figure 2 (a).
The construction of two dimensional Hilbert Huang transform and its application in image analysis Lihong Qiao, Sisi Chen  pixels. This needle diagram reflects the intrinsic characters of image. First, needles are clearly visible in all four quadrants. However, the direction instantaneous frequency estimations using the partial Hilbert transform point to certain directions. Second, as shown in Figure 2 (g), much of the salient structure of the image have been interpreted by the analytic image. We can make meaningful associations between individual needles diagram of instantaneous frequencies in Figure 2 (b) and specific features of the image. The needles are longer in the texture part of the image, corresponding to frequency estimations with larger magnitudes, just consistent with the understanding. What's more, the vector is smaller in the smoother part of the image, As is shown in Figure 2 (g)'s left part,the instantaneous frequency vector also describe the complexity part of Figure 2 (b). These characters reflect the special visual meaning of the image and it is a fully data-driven method and shows the intrinsic characters of image.
Conclusions
This paper examines the issue of two dimensional Hilbert-Huang Transform.Two dimensional Hilbert-Huang Transform based on Bidimensional Empirical Mode Decomposition (BEMD) and quaternionic analytic signa are proposed in the essayl. Bidimensional Empirical Mode Decomposition is adaptive signal decomposition method and its suitable for nonstationary signals. Quaternionic analytic signal satisfies most of the two dimensional analytic method. Two dimensional Hilbert spectral characters are got include the instantaneous amplitude, the instantaneous phase, and the instantaneous frequencies. We illustrate the techniques on natural images, and demonstrate the estimated instantaneous frequencies using the needle program. These features offer a new and promising way to analyze images and may use in character extracting, image searching and related fields.
